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30*9, 61*8: these values are expressed in the curve of fig. 5, which is 
therefore a curve expressing roughly the luminosity of different parts 
of the same spectrum according to the evidence afforded by flicker. 
For the sake of comparison the luminosity of the different colours as 
measured by Vierordt is indicated by a dotted curve, and it will be 
seen that the two curves practically coincide, except for the extreme 
parts of the spectrum ; it should, however, be stated that Vierordt's 
curve has been drawn by making his value for the luminosity of the 
yellow coincide with that given for this colour by the continuous 
curve in the figure, and reducing his other values in the same propor- 
tion : the reduced values are then placed within the limits of the colours 
to which they are ? assigned by Vierordt. Moreover, Vierordt's curve is 
for a solar prismatic spectrum, whilst the other is for incandescent 
lime, used with a grating.* Lastly it should be remembered that the 
disc was very feebly illuminated in the violet and extreme crimson, 
and also, for the small values of the white coloured sector, in the blue, 
blue-green, and vermilion, so that the alteration of the relation 
between n and log I (indicated in fig. 2 by the steeper line for feeble 
illuminations) should probably be considered : if this is so, the two 
curves will be brought into still closer union. The writer postpones 
the consideration of this matter, until he has had the opportunity of 
trying further experiments with such feeble illuminations. 
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1. Method of Observation. — Measurements of fluorite, quartz, and cal- 
cite have been made by Eudberg, Mascart, Cornu, Sarasin, Glazebrook, 
Van cler Willigen, Vogel, Pulfrieh, Eubens, Bailie, and many others. 
Those now offered were originally undertaken with the view of further 
extending the range and accuracy of lenses constructed of these sub- 
stances. A new method of obtaining the refractive indices has been 
adopted. Each of the angles of the prisms used was as nearly as 
possible 60°. When this is the case it is sufficient to measure the devia- 
tion of light 6f a definite wave-length at each angle in turn; the 
mean of these deviations may be taken as the deviation corresponding 

* C. Vierordt, 'Pogg. Ann.,' vol. 137, p. 200. 
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to an angle of 60°, and if D denote this mean, the refractive index /x 
is given very approximately by the formula* 

p, = sin J (D + 60°)/sin 30°. 

The method has several advantages. In the first place it is not 
necessary to measure the angles of the prism with accuracy; then, 
again, if the prism be suitably placed, light reflected from the outside 
of the base enters the telescope and is only parallel to the rays of the 
wave-length under measurement if those rays have passed through the 
prism parallel to its base. Thus we have two images of the slit, one 
by refraction the other by reflection, in the field of view in the same 
direction when the condition for minimum deviation is satisfied. When 
they overlap in the field of view of the eye-piece, we may, therefore, 
rest assured that we have minimum deviation for the wave-length 
under observation. By sliding the prism in a direction at right angles 
to its base, it is easy to regulate the amount of light thus reflected 
from the outer side of the base. 

2. Instruments. — A special spectrometer by Hilger with objectives of 
quartz, the collimator provided with bars carrying the spark apparatus 



* The following investigation by Dr. Glazebrook will show the 
amount of error introduced by the method :— 

Let I ) be the deviation and A the angle of the prism ; and let D + t> 
be the deviation corresponding to the angle A + a. Then we have 
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Now, if a 1} oc.i, a 3 be the differences from 60° of the three angles of 
one of the prisms, each measured in circular measure, D, the deviation 
which would be observed if the angle were 60°, and D + S b D + 8 2 , 
D + S 3 , the actually observed deviations, then A is 60° and ol\ + a 2 + a 3 
is zero. Hence, if /z be the refractive index as found by the method 
adopted in the paper, and /x the true refractive index, we have 

sin -J- (D + A) _ sin |{D + A + -^ (Si + <S 2 + 8 B )} 
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and a condensing lens also of quartz, the whole of more than ordinarily 
solid construction, was used for the work. On this instrument each 
degree of the circle is subdivided into 12 parts (of 5' each), and the 
wheel of the micrometer, one revolution of which corresponds with 
one subdivision of the circle, is divided into 5 parts (of 1' each), and 
subdivided into 300 parts (of 1" each), thus rendering the measurement 
of seconds of arc, and with care fractions of seconds, possible. 
Eeadings were always taken to 0*25", the quartz fibre of the micrometer 
being brought into position by turning the screw in one direction only. 
In dividing the circle, burrs are thrown up by the engraving tool on 
each side of the cut, and reflections from either or both of these appear 
as fine white lines in the reading microscope. The quartz fibre is made 
to cover each of these reflections in turn, and the mean taken. Further 
details of the method are given in the list of indices. 

3. Temperature. — In order to reduce errors due to change of tem- 
perature to a minimum, I have kept a standard thermometer on the 
prism table, and have never attempted to regulate the temperature by 
raising or lowering that of the room, without allowing at least 2 hours 
to elapse before making observations, so as to ensure the prism attain- 
ing the same temperature. In most cases times were chosen for 
observation when the temperature was, without artificial means, found 
to be that required. The temperature adopted for observation was 
15° C. In the very few cases in which observations took place at 



and, substituting for S, &c, this gives 
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Putting in the small term D = 40° and A = 60°, the value of the 
trigonometrical expression is found to be 3 approximately. 

Hence, 

p = fi {1 + t. ( ai 2 + a 2 2 + <x 3 2 )} . 

If a, &c, be in minutes, since the circular measure of a minute is 
1/3420, or 0-00029, 

p = fi {1 + 0-00000001 (ar J + ai + a£)) . 

For fluorite, ol\ = 1^, a 2 = - 2|, a 3 = |, so that 

p = fi {1 + 0-00000007} . 

The error is almost unity in the seventh figure, which is quite negli- 
gible. For the other prisms it is less. 
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higher temperatures, recourse was had to the table of temperature 
refraction coefficients. These coefficients are the mean of a separate 
series of measurements carried out at temperatures at least 10° C. 
apart} . 

4. Material. — The material of which the prisms were made is quite 
normal. The nuorite is from Germany, the quartz from Brazil, the 
calcite from Iceland. 

5. Standard Wave-lengths. — Rowland's wave-lengths have been 
adopted wherever available. As a specimen of the work in fullest 
detail the determination of the index of line C for nuorite is given. 
(See Appendix I.) 

6. Curves .- -A very severe method of testing refractive indices, when 
they are fairly close together, is to calculate the form of a thin lens 
from two of the substances, so as to be achromatic for two definite 
wave-lengths, and then focal lengths calculated by the formula 

for the different wave-lengths should form the ordinates of a smooth 
curve. The focal length 6985 mm. was taken as being ten times that 
required for the lenses of a large spectrometer now just completed. 
The curves shown (p. 333) are for (A) nuorite and quartz, (B) fluorite 
and calcite, (C) quartz and calcite. It appears that the focal length 
of the nuorite and quartz combination is very nearly independent 
of the wave-length. A list of such focal lengths is given in 
Appendix II. 

7. Measure of Error.- — An approximate estimate of the error in the 
deviations may be made as follows : — In reducing a set of observations 
three means, called " group deviations " (see Appendix I), are taken. 
Let x, y be values of the two of these which show the greatest differ- 
ence, then the quantity a ———i may be taken as a measure of the 

error. There are 118 measurements in the table for 
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Optical Correctness of Prisms. — In order to test whether the faces of the 
quartz and calcite prisms were parallel to the optic axis, each of the 
angles of the prisms was measured, and from these measurements and 
the deviations proper to them separate indices were calculated for each 
of the three angles (a) for the ordinary ray, (b) for the extraordinary 
ray. Owing for the most part to errors inseparable from measurements 
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Chromatic Curves for thin Doublets of approximately 7000 millimetres focus. 
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of angle, the indices are not quite the same at each angle, but if the 
variations are in the same direction and not much greater for the extra- 
ordinary than for the ordinary ray, we may assume that the optic axis 
is very nearly perpendicular to the principal plane. Taking the three 
angles as a, /?, and y, the results are as follow (for line D) : — 



Ordinary ray. 
a. 1-5442550 
(3. 1-5442306 
y. 1-5442765 



Quartz, 



E xtraord inary ray , 

a. 1-5533605 
j3. 1-5533356 
y. 1-5533977 



Colette 



Ordinary ray. 

a. 1 • 6583705 
[3. 1-6583381 
y. 1-6583595 



Extraordinary ray. 

a. .1 4864145 
[3. 1-4863865 

y. 1-4864062 



Thus it would seem that the differences in values of the extraordinary 
indices are not greater than those for the ordinary ray. 

As further evidence of accuracy in observation, it may be mentioned 
that the measurements for line D quartz, ordinary and extraordinary 
ray recorded in the table, were made on March 4, 1900. On Decem- 
ber 27, 1901, the prisms having been set up by mistake for a prism of 
left-handed quartz, a complete independent series of measurements 
were again made for both rays before the mistake was discovered. The 
two resulting indices follow :— 

Ordinary ray. Extraordinary ray. 

March 4, 1900 1 -'5442558 1-5533662 

December 27, 1901 1-5442558 1-5533673 

The difference of the two measurements of the ordinary ray begins 
in the 8th decimal place and is not shown. 

8. Probable Accuracy of Indices. — These refractive indices maybe con- 
sidered correct to the 5th decimal place ; the 6th is only approximately 
correct, and the 7th is of little value. But it is believed that in many 
cases the error does not exceed unity in the 6th place. 

9. Interpolation.— The question of the relation between refractive 
index and wave-length has not been gone into, but it may be said that 
for the ultra-violet Cauchy's formula is not of great value, while for the 
visual spectrum i^Telson's formula is a nearer approximation, and takes 
little time to work out,* while the graphical interpolation of devia- 
tions by squares of reciprocals proposed by Dr. Marshall Watts t is not 



* See 'II. M. S. Journal/ April, 1899 ; Presidential Address, 
f ' Index of Spectra/ p. xii. 
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very inferior to Nelson's, as the indices can soon be calculated, and it 
can easily be turned into simple arithmetic without the drawing. But 
the indices here given have all been observed. There has been no 
attempt to make them fall into line by any kind of correction, such as 
the use of a freehand curve or by interpolation. 

10. Right and Left Quartz. — Some doubt having arisen as to the 
indices of right-handed quartz being the same as those of left-handed, 
I have had prepared by Mr. Hilger a prism of left-handed quartz of the 
same dimensions as the prism of right-handed quartz used in the fore- 
going measurements. I have with this prism determined the indices, 
ordinary and extraordinary, for the mean D line, and have repeated 
the corresponding observation with the right-handed prism used in the 
previous determinations, as before referred to. The results are as 
follows :— 

Ordinary. Extraordinary. 

March 4, 1900. Right quartz 1 -5442558 1-5533662 

December 27, 1901. Right quartz... 1-5442558 1-5533673 

January 9, 1901 Left quartz 1-5442363 1-5533452 

Difference ., 0*0000195 0-0000221 

The value given for left quartz and the ordinary ray by Van der 
Willigen (for wave-length 5895*37, which he names D) is 1-54417. 

Finally a rough determination of the specific gravities was made as 
follows : — 

Right quartz. Left quartz. 

2-6495 2-6511 

It will thus be seen that while the refractive indices of the right- 
handed quartz are greater than those of the left-handed, the specific 
gravity is less. 

11. Remits of the Measurements. — The results of the observations are 
given in the following table of refractive indices : — 
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Appendix I. 

Details of an Observation as a Specimen. 

October 28, 1900. Zeiss Fluor Prism, 3 sides. Temp. 59° F. 

W.L. 6563-0 C. (Ha). 



a ((f) 



(120°) 



y (240°) 



Left of 


prism. 
31 


31 
*5 x 


30 


36-25 


Right 
29 


of prism. 


31 


left burr 


328 


45-25 




30 


35 -25 


mean 




29 


22 -75 




30 


21 '25 x 


right burr 




29 


9-25 




28 


31 

25*0 


28 


5*125 


32 




151 




88 


11-25 


I 


28 


0*0 






31 


49 *75 




27 


41 -75 






31 


31 -75 




30 


31 


30 


4*0 

208 


30 




271 


16*0x 




11 -0 x 


! 


29 


54 -75 






29 


46-75 




29 


43*5 






29 


32 -0 




A. 31 


29 


35 -125 







31 



28 



8*75 



31 



0(0°) 



151 



7 (120°) 



271 



a (240°) 



28 


39*0 


28 


12*25 


27 


52*25 




31 


20 


7-5 


29 


47-0 


29 


36*25 




31 


30 


58 *5 x 


30 


36-25 


30 


25 *25 x 




E. 31 



29 



30 



29 



328 

56 *625 

88 

43-0 



208 



36-125 



32 
31 
31 



30 
29 

29 

29 
29 

28 



21-75 
31'5 



19*5 
53 -75 
37 -75 



34-0 
10-25 

55-0 



31 



29 



7(O ) 



31 



151 



a (120°) 



30 


17 *0x 


29 


53-25 


29 


39-5 




31 


30 


51 *5 x 


30 


30-25 


30 


20 -Ox 




31 



30 



28 



59-0 

328 

37 '875 



88 



15-25 



30 

29 

29 



29 
29 



19-25 
55 -25 

41-25 



40-5 
14-5 

57*25 
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271 



(240°) 



28 39 -0 




208 


32 


6-5 


28 13 -75 






31 


43 "25 


27 55 -25 






31 


23*5 


C. 31 


29 


37 -375 







Result. 

Dev. = 31° 29' 36" -208. Kef. Index - 1 '4325233. 

The above is an exact copy of the original observation for line C (hydrogen a). 
It will be seen that the readings of the micrometer are arranged in three groups, 
each of which is complete in itself, since it contains readings at all the angles and 
at each of the three positions of the circle. The averages for each group, called 
A, B, and C, are underlined twice, and the final result is the mean of these three 
averages. The three angles of the prism are called a, j3 and y : each of these gives 
the deviation under measurement three times, that is, once at each of the three 
positions of the circle (zero = 0°, 120° and 240°). The two burrs thrown up by the 
engraving tool on each side of every division, already described, give the first 
readings, and in taking the mean of these a deduction of 1" for every 1', measured 
in the microscope, is made for the optical error of the reading microscope, a careful 
measurement of the error having come out within a small fraction of this.. The 
microscope was furnished with a fixed and a movable quartz fibre j sometimes the 
movable fibre was too close to the other to read with accuracy, and then had to 
be moved off to the next division of the circle (5' further off centre). In this case 
I have marked the reading with a x , so as to ensure attention being called to the 
matter. After turning the same angle of the prism round to the other side as 
usual, another mean is obtained from two burr readings in the same way. These 
two means, one on each side, underlined once, give by the usual method the value 
for each angle in the groups already described. 

Appendix II. 

Table giving the Focal Lengths in metres of a Compound Lens of 

Fluorite and Quartz achromatised for Wave-lengths 7950 and 1852. 

Radii.— R = 0*28358015, S = - 0*20801615, R' = S, S ; 



00 



R, S, R', S' refer to the surfaces of the two lenses. 



Wave-length. 


Focal length. 


Wave-length. 


.Focal length. 


7950 


1 -ooooo 


2749 


-99382 


7652 A' 


1 '00005 


2573 


-99314 


7065 B' 


1 -00063 


2445 


-99275 


6563 C 


1 -00073 


2313 


-99208 


5893 D 


1 '00081 


2265 


-99225 


5607 A 


1 -00076 


2194 


0*99233 


5270 E 


1-00061 


2144 


-99267 


4861 F 


1 -00022 


2099 


-99281 


4341 a' 


-99945 


2062 


-99299 


3962 


-99857 


2024 


*99356 


3611 


-99750 


1988 


-99461 


3303 


0-99654 


1933 


0-99563 


3034 


-99548 


1852 


1 -00000 



Graphical representations are given in the curves on p. 333, the 
achromatised focal length being there 6985 instead of 1000 mm. 
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